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Abstract— Determination of a moving target’s position and velocity from a noisy time-series of images captured by 
imaging sensors constitute a classical statistical estimation problem. Often the covariance based centroid tracking Kalman 
filter (KF) is used for target tracking purpose. In this paper, the information based centroid tracking filter called square root 
information filter (SRIF) is presented for centroid tracking of a target. A MATLAB code for SRIF is developed. Some 
simulation results are presented.  
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I. INTRODUCTION 
 
An automatic target recognition (ATR) system 
requires an algorithm for detection, segmentation, 
feature computation, selection, classification and 
tracking [1]. An important application of ATR is in 
guiding pilots of high performance aircraft flying 
close to the ground during bad weather or at night 
especially in defence and military applications. 
Detection and tracking of a moving target is a 
challenging problem in forward-looking infrared 
(FLIR) image sequences because of: i) low SNR, ii) 
low contrast, iii) background clutter, and iv) partial 
occlusion of the target. For such purpose efficient and 
numerically stable centroid tracking algorithm is 
required. The SRIF code is developed and 
implemented in MATLAB and the performance for 
image centroid tracking is evaluated. Some studies in 
the area of image/centroid tracking, sensor data 
fusion, and square root information filter are found in 
[1-8]. However, the present study and application of 
SRIF for the image centroid tracking is new.  
 
SQUARE ROOT INFORMATION FILTER  
The state space equations for a dynamic system are 
given by 

 
Where x is a state vector that contains the centroid 
coordinates of a target, w is white Gaussian process 
noise (WGN) sequence with zero mean and 
covariance matrix Q, z is the measurement (data) 
vector, H is the measurement model and v is the WG 
measurement noise with zero mean and covariance 
matrix R. The information filtering is the more direct 
way of dealing with the target tracking and multi 
sensor data fusion problems than the conventional 
covariance based Kalman filter [3]. It has special 
advantages in tracking algorithms because the 
information filter provides a direct interpretation of 

track observation and contribution in terms of 
information.  
However, the information filter, if implemented as is, 
could be sensitive to computer round-off, which 
would degrade the  
tracking performance. This is crucial if the algorithm 
is used for target tracking in a real time, on-line 
environment. The square root filter algorithm offers a 
solution to this problem of numerical accuracy and 
stability of the filtering algorithm. Considering a 
linear algebraic measurement model, equation (2), in 
a simplified form for the sake of illustration: 

 
The least square (LS) solution of x is generally 
obtained by minimizing the least/mean square 
observation error: 

 
Here, the idea is to estimate x (it could be a parameter 
vector). In addition to the linear system, we assume 
that a priori unbiased estimate x  of x and a priori 
information matrix P-1 (inverse of the covariance 
matrix of the Kalman filter P) forms a priori state–
information matrix pair 1( , )x P . The cost function J 
can be modified by inclusion of the a priori 
information pair to obtain 

 
The information matrix P-1 (being square of some 
quantity) can be factored as 

 
Inserting (6) in (5) we get 

 
The second term in the equation (6) can be simplified 
as 

 
With this we get 
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Where z Rx   .The second term of equation (9) can 
be written as  

 
From (9) and using (10), and comparing with (3) and 
(4) the composite system can be equivalently 
represented as 

 
Thus, the a priori information artifice forms the data 
equation similar to the measurement equation (3) or 
(4). Hence, it can be considered as additional 
measurement, and the composite problem can be 
solved in an efficient manner in a LS sense. This 
forms the basis for SRIF. The SRI pair and the 
existing (means new) measurements are put in the 
following form and an orthogonal transformation is 
applied to obtain the LS solution: 

 
This formulation has been proven to be less 
susceptible to computer round off [7]. In (12) T is the 
Householder orthogonal transformation (HHOT) 
matrix. Here, k=1,2,…,N. with e(.) being the 
sequence of residuals. Thus, the updated information 
pair ˆˆ( ( 1), ( 1))z k R k  is generated. The process 
of estimation can be continued with the inclusion of 
next/new measurement z(k+1) and so on. This 
obtains the recursive SRIF. Here ẑ is the information 
state. If required the covariance state can be obtained 
by 

 
This is done since in real life situation one uses and 
sees only states in the covariance form! Thus, the data 
equation concept of the information pair and the 
HHOT matrix gives a very elegant and simple 
expressions and solutions for the tracking problems. 
Equation (12) is the measurement update part of the 
tracking filter. The dynamic state equation (1) is 
introduced in the complete development of SRIF, and 
the final set of equations for the time propagation are 
given as follows [7][6]: 

 
 
In (14) the terms in the right hand are provided as 
initial conditions (to start with), but subsequently 
these are available from the previous cycle of the 
measurement update. The left hand side terms result 
after the application of the HHOT to the right hand 

side block matrix. Here R(.) is the square root of the 
information matrix P-1. In (14), input u(.) is not 
considered for simplicity. The following is the state 
time propagation equation 

 
Next, we have the measurement update equation 

 
The terms in the right hand side of (16) come from 
the corresponding terms of the left hand side of (14). 
Assign the following equivalence 

 
The first set of (17) goes into the right hand side of 
(14) in the second row, and the second set goes into 
the left hand side of (14) in the first row. Finally we 
have the state update equation as  

 
Then the cycle repeats going back to equation (14), 
until the convergence of the SRIF is reached.  
 
DETECTION AND TRACKING 
From the given synthetic images the target in each 
frame has to be identified. Using particle 
segmentation, each frame is partitioned into target 
and background regions. Here segmentation refers to 
the task of extracting target image of interest as 
precisely as possible from the frame. The pixel 
intensities are discretized into 256 Gray levels. 
Particle segmentation is done in two steps: 
a) the grey level image is transformed into binary 
image using lower and upper threshold limits of the 
target. The thresholds are determined using the pixel 
intensity histograms from the target and its 
surroundings. The detected pixels are grouped into 
clusters with nearest neighbour technique. The grey 
image I(i , j) is converted into binary image with 
intensity  
β (i , j) by a hard limit on the intensity. 

 
In (5) IL and IU are the lower and upper threshold 
limits of the target intensity. The detection probability 
of the pixel (i , j) can be defined as:  

 
considering the grey image I(i,j) as having a Gaussian 
distribution with mean µ and variance σ2 ; and  
b) The binary image is then grouped into clusters 
using the nearest neighbour technique. A pixel is 
considered as belonging to the cluster only if the 
distance between this pixel and at least one other 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-1, Jan.-2016 

Image Centroid Tracking Using Square Root Information Filter 
 

33 

pixel of the cluster is less than the proximity distance 
dp . The dp is chosen as:  

 
In (22) pt and pv are detection probabilities of target 
and noise pixels respectively.  
The centroid of the cluster is determined using non-
convolution method [4] [8] as: 

 
In (23) (xc,yc) is the centroid of the cluster, Iij is the 
intensity of the pixel and n & m are the dimensions of 
the cluster. The tracking scheme is shown in Figure 
1.  
 
PERFORMANCE EVALUATION OF SRIF 
TRACKING ALGORITHM 
The set of image frames that is used in tracking 
technique is generated synthetically. There are 50 
frames of the images generated which represents 
target environment and is given as input for further 
processing[5]. In the present scenario we have set 
certain parameters and threshold to generate the 
synthetic image. The image which we are generating 
is of dimension  64X64. Also the target size is fixed 
with a dimension of 9X9. This image consists of 
object and its surrounding along with a noise which is 
a uniformly distributed [2]. The image generated will 
have intensity in the range 0 to 255. The target 
intensity value and its background have a certain 
mean and variance. The mathematical model of FLIR 
(forward looking infrared sensor) for generation of 
synthetic image is briefly described. Consider two-
dimensional array of pixels where each pixel is 
represented by a single index i=1.....m and the 
intensity of pixel is given by:  

   i i iI s n        (24) 
In (24) si is the target/background intensity and ni is 
the noise intensity in pixel ‘i’, which is assumed to be 
Gaussian with zero mean and covariance σ2. The total 
intensity is given by 

1

m

i
i

s s


     (25) 

If the number of pixels covered by the target is 
denoted by ms, then the average target intensity over 
its frame is given by:  

       
s

s

s
m

                       (26) 

The average pixel SNR of the target is 

           
sr 


    (27) 

The input parameters for CT-SRIF code are: 
 a) measurement model/matrix: H = [1 0 0 0; 0 0 1 0];  
 b) state transition matrix, ‘phi’:         [1 T 0 0 

                           0 1 0 0  
                           0 0 1 T  

        0 0 0 1]; 
c) measurement noise var/covariance R=0.5;  
d) system noise covariance matrix: 
                       G = [T2/2 0 
                               T     0 
           0     T2/2  

0     T]; 
e) process noise var/covariance Q =0.001; and f) the 
other image related parameters are: i) target image 
mean and STD-(100, 10); ii) background mean and 
SRD-(50, 50); iii) target dimension-(9,9); iv) track 
scan period–1 sec.; and v) the initial states 
x,y=(10,10), with constant velocity of 1 m/s in both 
the coordinates (i.e. constant velocity). 
 
The SRIF algorithm was coded in MATLAB. The 
screen shot-plot is shown in Figure 2. The Table 1 
gives the performance metrics for different target 
image noise STDs (STDTGN).  
 

Table 1: Performance metrics CT-SRIF 

 
 
Figures 3 shows the time histories of the 
position/velocity performance plots. As is seen from 
Table 1, although the performance of the SRIF gets 
affected with the increasing variance of the target 
noise, but it is still very good and acceptable for the 
case studied. Also error time histories are within their 
theoretical bounds. Hence, the overall performance of 
the image centroid tracking SRIF algorithm is 
acceptable.       
 
CONCLUDING REMARKS 
 
This paper presents the implementation of a Square 
root information filter for tracking the centroid of a 
target image of interest. Efficiency and stability of the 
CT-SRIF algorithm will be very useful for Real-time 
applications. 
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FIGURE 1: CENTROID TRACKING WITH SRIF 
 

 
FIGURE 2: SCREEN OF THE OF THE IMAGES-EXECUTION OF SRIF 
 
 

 
FIGURE 3: PERFORMANCE PLOTS OF CT-SRIF-INCLUDING X-Y 

POSITION AND VELOCITY ERRORS, RSS POSITION VELOCITY 
ERRORS AND X-Y RESIDUALS PLOTS 

 
 
 
 

 
 


